in a nonsignificant increase in PAI-1 levels. Patients with endogenous hyperthyroidism had decreased levels of TAFI antigen and increased levels of PAI-1 antigen (p ! 0.05). There was a negative correlation between the FT 4 and TAFI antigen levels. Serum TSH was positively correlated with the plasma levels of TAFI antigen. Conclusion: LT4 suppression therapy for benign thyroid nodules did not result in a significant decrease in TAFI antigen levels in premenopausal women, but endogenous hyperthyroidism was associated with significantly decreased levels of TAFI antigen.
Effect of Levothyroxine Suppression Therapy on Plasma Thrombin Activatable Fibrinolysis Inhibitor Antigen Levels in Benign Thyroid Nodules
Since thyroid-stimulating hormone (TSH) was proposed as an etiological factor for the development of thyroid nodules [1] , levothyroxine (LT4) suppression therapy has been used for the treatment of benign thyroid nodules. Although it is not recommended routinely, evidence suggests that LT4 suppression therapy may result in a decrease of nodule size in cases with borderline low iodine intake [2] . Akinci 24 Thyroid dysfunction has been associated with altered coagulation [3] . The majority of the evidence indicates that endogenous hyperthyroidism causes activation of the coagulation system [4, 5] . Several studies have demonstrated fibrinolytic system defects in hyperthyroid subjects [5, 6] . Suppression in serum TSH has been found to be directly associated with elevated plasma fibrinogen levels [4] . Elevated plasma levels of plasminogen activator inhibitor-1 (PAI-1) antigen have been observed in hyperthyroid patients [3] . It is known that LT4 treatment reverses fibrinolytic system abnormalities in hypothyroid subjects [7, 8] . On the other hand, the administration of levothyroxine in healthy subjects has been found to be associated with increased plasma von Willebrand factor (vWF) levels [9] . A recent study showed that LT4 suppression therapy for thyroid cancer resulted in decreased fibrinolytic activity [10] .
Thrombin activatable fibrinolysis inhibitor (TAFI) is a zymogene that inhibits fibrinolysis through removal of C-terminal lysines from partially degraded fibrin [11] . Recently, we showed that TAFI levels were increased in both overt and subclinical hypothyroidism [8] . Levothyroxine replacement for hypothyroidism was effective in reducing the increased levels of TAFI in hypothyroid subjects [8] . In another previous study, we found that TAFI levels were significantly reduced in hyperthyroid subjects when compared to healthy controls [12] . In this prospective study, we aimed to investigate the effect of LT4 suppression therapy (on TAFI and PAI-1 antigen levels) for benign thyroid nodules. Therefore, we measured plasma TAFI and PAI-1 antigen levels in pre-menopausal women with euthyroid nodular goiter before and after LT4 suppression therapy.
Subjects and Methods
Twenty-two consecutive premenopausal women with euthyroid nodular goiter who were eligible for the study protocol (without any of the exclusion criteria) were enrolled into this prospective follow-up study (LT4 treatment group). Two patients who did not attend the hospital for follow-up visits were excluded; therefore, the data of 20 patients were analyzed. Patients were evaluated by thyroid ultrasound and ultrasound-guided fine-needle aspiration biopsy (FNAB) to rule out thyroid cancer. Patients were excluded if there was any suspicion for malignancy according to the FNAB and/or ultrasound results. We also included healthy subjects and patients with endogenous hyperthyroidism for comparison. Eighteen age-matched euthyroid healthy premenopausal women were included as the control group. Nineteen premenopausal women who had newly diagnosed endogenous hyperthyroidism (6 patients with Graves' disease and 13 patients with toxic nodular goiter) were also included as positive controls. Of 19 hyperthyroid patients, 9 had overt and 10 had subclinical hyperthyroidism. Plasma samples in the hyperthyroid group were obtained from age-matched premenopausal women who had enrolled in our previous study [12] .
Exclusion criteria were previous history of thyroid surgery, neck irradiation, cardiovascular disease, diabetes, morbid obesity, hypertension, familial hyperlipidemia, chronic kidney or liver disease, coagulation disorders, current pregnancy, history of malignancy or severe systemic disease, previous and current cigarette smokers, and patients taking lipid-lowering drugs, angiotensin-converting enzyme inhibitors, angiotensin-2 receptor blockers, estrogen, oral contraceptives and any other drugs which may influence the coagulation system (acetylsalicylic acid, warfarin, heparin, glycoprotein IIb/IIIa receptor inhibitors, thienopyridines, etc.). The protocol was approved by the Ethics Committee of Dokuz Eylul University, and all patients gave their written informed consent.
In the LT4 treatment group, patients were evaluated at baseline and after LT4 suppression therapy for 1 year. LT4 was initiated at 25 g/day. The LT4 dose was adjusted according to repeated thyroid function tests which were measured at 0, 1, 3, 6, and 12 months of the LT4 treatment (average daily dose being 0.05-0.15 mg). Treatment with LT4 was considered suppressive when TSH was ! 0.4 mIU/l.
Height was recorded to the nearest 0.5 cm and weight was measured to the nearest 0.1 kg. Measurements were taken with the subject standing upright. BMI was calculated as weight/height 2 . Fasting blood samples for TAFI and PAI-1 antigen levels were obtained between 8.00 and 9.00 a.m. from the cannulated antecubital vein in tubes containing 3.2% buffered sodium citrate. Platelet-poor plasma was obtained by centrifugation at 3,000 g for 15 min at 4 ° C min in a precooled centrifuge (Nuve NF 800R, Ankara, Turkey). The plasma samples were stored at -80 ° C until use.
Ultrasound was performed to assess thyroid nodule volumes using a high-resolution ultrasound (Philips HDI 5000, Bothell, Wash., USA) with a 7-to 12-mHz linear array transducer. Images were recorded and evaluated by a single radiologist (O.K.) to avoid interobserver variations. The nodule volume was calculated according to the spherical ellipsoid formula: 3.14/6 ! depth (mm) ! width (mm) ! height (mm).
Free 3,5,3 -triiodothyronine (FT 3 ) and free thyroxine (FT 4 ) levels were measured using an immunoassay (Immulite 2000, Diagnostic Products Corporation, Los Angeles, Calif., USA). TSH was measured with a chemiluminescence immunometric assay (Immulite 2000 Diagnostic Products Corporation). Triglyceride, total cholesterol and HDL cholesterol levels were measured by Roche/Hitachi D/P Modular System Autoanalyzer (Roche Diagnostics, Basel, Switzerland). LDL cholesterol was calculated by Friedewald's equation method [13] .
PAI-1 antigen levels were measured using enzyme-linked immunosorbent assay (ELISA) kits (American Diagnostica, Stamford, Conn., USA). Plasma TAFI antigen levels were also measured by ELISA (Affinity Biologicals, Ancaster, Ont., Canada). Intra-and interassay coefficients of variation were 4.0 and 4.3% for PAI-1, and 5.8 and 8% for TAFI, respectively.
Sample size determination for the LT4 suppression treatment group used a significance level of 0.05 for a two-tailed test with 80% power. The sample size was calculated using Power and Precision software (Biostat, Englewood, N.J., USA). Data were ana-lyzed by Statistical Package of Social Science (SPSS) 11.0 for Windows software package (SPSS Inc., Chicago, Ill., USA). Variable distributions were assessed by the Kolmogorov-Smirnov normality test. One-way ANOVA or Kruskal-Wallis tests were used (considering normality test result) to assess whether there was an overall difference between groups. Bonferroni correction was used for multiple comparisons. Paired samples t tests or Wilcoxon signedrank tests were used to assess the differences between pre-and post-treatment variables, in regard to variable distribution. Correlation analyses were conducted by Spearman's test. Data were expressed as mean 8 SD. Statistical significance was accepted at p ! 0.05.
Results
Baseline characteristics of patients with euthyroid nodular goiter, endogenous hyperthyroid and healthy control subjects were similar ( table 1 ). There was no significant difference in lipid levels between the groups. Hyperthyroid patients had higher FT 3 and FT 4 and suppressed TSH levels when compared to patients with euthyroid nodular goiter and healthy controls. Hyperthyroid patients had significantly higher PAI-1 levels than healthy controls (p ! 0.001) and patients with euthyroid nodular goiter (p ! 0.001). TAFI antigen levels were found to be decreased in hyperthyroid patients (hyperthyroidism vs. healthy controls: p = 0.011, hyperthyroidism vs. euthyroid nodular goiter: p = 0.044). Overt hyperthyroid patients had significantly lower TAFI antigen levels when compared with subclinical hyperthyroid patients (7.9 8 2.67 vs. 9.61 8 1.55 ng/ml, p = 0.034). On the other hand, PAI antigen levels were similar (92.
99 ng/ml, p ! 0.001, respectively). TAFI antigen levels were decreased in both overt and subclinical hyperthyroid groups when compared with healthy control group; however, the difference between subclinical hyperthyroid and healthy control groups was not statistically significant (7.9 8 2.67 vs. 11.42 8 3.04 ng/ml, p = 0.012, and 9.61 8 1.55 vs. 11.42 8 3.04 ng/ml, p = 0.103, respectively).
LT4 suppression treatment was not associated with any significant change in both the largest nodule diameter and nodule volume ( table 2 ). There was no alteration in lipid levels after LT4 treatment. There was a nonsignificant increase in PAI levels after LT4 treatment ( table 3 ). TAFI antigen levels decreased after LT4 treatment; however, the difference was not statistically significant (p = 0.057). Endogenous hyperthyroid patients had higher PAI-1 levels when compared with post-treatment levels of patients in the LT4 treatment group (p ! 0.001). Hyperthyroid patients had slightly less TAFI antigen levels compared to post-treatment levels of those in the LT4 treatment group; however, this difference was not statistically significant ( table 3 ) .
FT 3 and FT 4 levels were positively correlated with plasma PAI-1 levels (r = 0.376, p = 0.001, r = 0.461, p ! 0.001, respectively). FT 4 levels were negatively correlated with TAFI antigen levels (r = -0.252, p = 0.027). Serum TSH was negatively correlated with plasma PAI-1 (r = -0.530, p ! 0.001). There was a positive correlation between serum TSH and TAFI antigen levels (p = 0.242, p = 0.034). 
Discussion
In the present study, LT4 suppression treatment was not associated with a significant change in nodule size and volume, but there was a decrease in TAFI antigen levels after LT4 suppression treatment for benign thyroid nodules; however, this difference was not statistically significant (p = 0.057). LT4 suppression treatment resulted in a non-significant increase in PAI-1 antigen levels. In accordance with our previous study [12] , TAFI antigen levels were found to be decreased in patients with endogenous hyperthyroidism. Endogenous hyperthyroid patients had significantly increased PAI-1 antigen levels when compared to healthy controls.
Altered levels of fibrinolytic system proteins have been shown to be associated with cardiovascular disorders [14] and elevated PAI-1 antigen levels have been reported to be a predictor for cardiovascular events [15] . Although some studies suggested that elevated TAFI was associated with increased risk for cardiovascular disease [16] [17] [18] [19] , it is still controversial [20] . Moreover, it has been also proposed that elevated TAFI antigen levels may be protective against coronary events [21, 22] . In our study, TAFI levels were decreased in patients with hyperthyroidism and there was a negative correlation between FT4 and TAFI levels. However, our results could not address any potential relationship between decreased TAFI levels and cardiovascular disorders in patients with thyroid dysfunction.
It is known that thyroid dysfunction leads to altered plasma levels of fibrinolytic system proteins [3] . Both hypo-and hyperthyroidism have been found to be associated with decreased fibrinolytic activity [5] . In a previous work [8] , we showed that hypothyroidism was associated with increased TAFI antigen levels. We observed that LT4 replacement treatment effectively reduced increased TAFI antigen levels in hypothyroidism. In a more recent study, we were able to detect reduced TAFI antigen levels in hyperthyroid patients [12] . In the present study, however, we failed to show any significant decrease in TAFI antigen levels after LT4 suppression treatment for benign thyroid nodules. The decrease in TAFI antigen levels after LT4 suppression treatment was weak when compared to TAFI levels in patients with endogenous hyperthyroidism, probably due to milder thyroid dysfunction in the LT4 suppression treatment group. Horne et al. [10] demonstrated that LT4 suppression therapy for thyroid cancer was associated with decreased fibrinolytic activity and D ata are expressed as mean 8 SD. *p < 0.05, before vs. after treatment; † p < 0.05, before treatment vs. hyperthyroidism; ‡ p < 0.05, after treatment vs. hyperthyroidism. FT 3 = Free 3,5,3´-triiodothyronine; FT 4 = free thyroxine; HDL = high-density lipoprotein; LDL = low-density lipoprotein; PAI-1 = plasminogen activator inhibitor-1; TSH = thyroid-stimulating hormone; TAFI = thrombin activatable fibrinolysis inhibitor. Conversion factor (CF) for cholesterol levels (CF ! C = SI): 0.02586; CF for triglyceride (CF ! C = SI): 0.0114. enhanced coagulation. It was interesting that LT4 suppression treatment was found to be associated with decreased TAFI but increased PAI-1 antigen levels. A hypothesis for this might be a decrease in plasma antigen levels of TAFI antigen secondary to activated TAFI pathway. Decreased TAFI antigen levels were found to be correlated with activation of coagulation factors in sepsis [23] . Lower plasma TAFI antigen levels in patients with myocardial infarction have been reported, although TAFI activity was significantly elevated and positively correlated with plasma PAI-1 antigen levels and activity, suggesting overactivation of the TAFI pathway [24] . Another hypothesis could be that plasma levels of PAI-1 and TAFI antigens might be affected by different factors as these two proteins have various roles in the different steps of the coagulation system. Simultaneous measurements of the circulating levels of TAFI and PAI-1 antigens have been performed in a few studies [25, 26] , in which no significant correlation was found between plasma TAFI and PAI-1 antigen levels in nonobese patients [26] . As observed in our study, despite the fact that PAI-1 and TAFI are both inhibitors of the fibrinolytic system, their circulating levels might be differently affected by various disorders.
Our study clearly had some limitations that include (a) the small number of subjects that might have led to insignificant differences between groups, and (b) the lack of evaluation of the TAFI activity. TAFI exists as a proenzyme that is converted to an active form, TAFIa, following proteolytic cleavage by the thrombin/thrombomodulin complex. The TAFI activity is usually determined by first incubating the plasma with a TAFI activation reagent, a specially formulated thrombin/thrombomodulin complex that converts the TAFI to its activated form [11, 27] . In the current study, circulating TAFI antigen concentrations was measured with ELISA, and, as we included only premenopausal women with no cardiovascular risk factor, our study could not provide any data regarding TAFI antigen levels in males and postmenopausal women. Moreover, our study could not address the possible relationship between TAFI and cardiovascular risk factors.
Conclusion
Our study showed that suppression therapy for benign thyroid nodules was associated with a nonsignificant decrease in TAFI antigen levels in premenopausal women. Besides, TAFI antigen levels were significantly decreased in patients with endogenous hyperthyroidism.
